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Executive Summary

The purpose of this deliverable is to present the updates towards capturing and analysing social media posts,
using a sentiment analysis tool in order to determine the views of the general public towards autonomous
mobility.

This report is the 3™ and final revision of the data capturing and analysis process that was set up in D2.2. It
presents the final data captured from the selected social media channels. Moreover, the newly captured content
is again analysed using a deep learning sentiment analysis framework. The results of this analysis are also
presented here.
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1. Introduction

1.1. Purpose of the Document

This deliverable gives an update of the efforts towards mining and analysing social media posts in order to
determine the degree of user acceptance of autonomous mobility solutions, as well as eliciting the main fears
and reservations of the general public towards autonomous modes of transportation. This update comes as a
continuation of the effort that was described in D2.2 and its updates D2.5 and D2.6, where a sentiment analysis
framework was used, based on the mining of relevant social media data.

This document presents the results of the sentiment analysis performed over the captured social media posts
up until the 15" of December 2021. We aim at (i) presenting the current acceptance levels of autonomous
mobility, (ii) determine the main fears that reduce that level of acceptance.

1.2. Intended audience

Due to the confidential status of the deliverable, the contents and scope of this report are relevant to project
partners for other project activities, to be used throughout the duration of this project.

1.3. Interrelations

This deliverable mainly concerns the work performed in WP2 and WP1. Specifically, this report aims at capturing
an objective view of the general public’s sentiments and fears towards automated mobility, which affects the
endeavours of activity A2.4-Behavioral models. Moreover, the elicitation of primary fears towards autonomous
modes of transportation affects the project’s Risk Assessment of A1.3. Finally, the outcomes of this activity are
expected to be used in all technical activities of this project, in a way that will be decided per case, by the relevant
partner in charge.

After its formal release, updated versions of this document will be issued in the form of D2.6 and D2.7

1.4. Structure of the Report

The rest of this deliverable is organized in the following way. Section 2 briefly describes the deep learning
network that was used. Section 3 reports on the final social media capturing that was analysed, and presents
the updated results. Section 4 discusses the conclusions of both this individual report, as well as the overall
process of data capturing and analysis, throughout this activity.

December 2021 6
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2. Sentiment Analysis Architecture

Similarly with previous iterations of this analysis, a 6-class classification schema was used. These classes indicate
the overall sentiment towards the analysed post. These sentiments are:

1 Negative Opinions: This class includes the most negative opinions expressed.

2 Mostly Negative Opinions: This class includes the posts that express a somewhat negative opinion

3 Neutral Opinions: This class identifies neutral opinions, i.e. posts that do not display a specifically
positive or negative sentiment behind them.

4  Mostly Positive Opinions: Similarly to the 2" class, here we include posts that express a somewhat
positive opinion

5 Positive Opinions: Similarly to the 1 class, here we include posts that express the most positive
opinions.

6 Not Relevant: This class includes posts that do not express opinions, e.g. announcements

To classify the results, a neural network architecture is used, based on an attention vector mechanism in
combination with Bi-directional Long Short Memory Network (LSTM). The model includes an Embeddings
layer that transforms the natural text to a dense vector. The position of a word in the learned vector space
is learned from text and is based on the surrounding words. The position of a word in the learned vector is
referred to as its embedding. After this, a Gaussian noise layer and a Dropout layer are used before two
Bidirectional Long Short-Term Memory (LSTM) layers. The LSTM layers are followed by a concatenation step,
an Attention model layer and a dropout layer that is finally led to the last fully connected layer. A view of
the learning architecture is presented in Figure 1. It is worth noting here that the LSTM layers capture short
range dependencies in the analysis, while the attention layer is used to map long range dependencies.

Embedding Vector

Attention Vector

e )

@
@

Dropout

A

Attention

Concatenation

Embeddings Gaussian Noise Bidirectional LSTM Dense

Figure 1: Neural Network model Architecture
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3. Data Capturing Strategy Update

3.1. Targeted Social Media Platforms

Social media content from three different social media platforms was analysed, namely Reddit, Twitter and
YouTube comments. In this capturing we used again the lexicon of terms that was composed in D2.2 and
presented again in Table 1. In this data capturing period, spanning from July 1%t 2021 to December 23 2021 a
total of 37,832 individual social media posts were analysed. The break down for each individual channel can be
viewed in Table 1 below.

Table 1: Lexicon of searched terms

Lexicon of Terms

Advanced Driver Assistance Systems (ADAS) Electrified Vehicles
Automation Full Self-Driving
Autonomous Geotonomous Vehicle
Autonomy Mobility-as-a-Service (Maas)
Driver Monitoring System (DMS) SAE Levels of Automation
Tesla Infotainment

Google Car Self-Driving on the Highway
Telematics Autonomous Car
Autonomous Vehicle Autopilot

Autopilot Buddy Electric Vehicle (EV)

Fleet Learning Geotonomous Car/Vehicle
Ludicrous Mode Platooning

Self-Driving Transition Warning Systems
Adaptive Cruise Control True Self-Driving

Internet of Vehicles ITS

Table 2: Captured Posts per Social Media Platform

Social Media Channel No of Captured Posts

Twitter 19,573
Reddit 106

YouTube Comments 18,153
Total 37,832

The total posts analysed since the beginning of A2.5 can be viewed in Table 2.

Table 3: Total Social Media Posts Analysed since A2.5

1%t Period (D2.2) 2" Period (D2.5) | 3™ Period (D2.6) 4t period (D2.7) Totals
(5/2019 — 3/2020) | (4 -9/2021) (10/2020 - 6/2021) | (7 -12/2021)

Twitter 8,143 29,412 24,763 19,573 81,891
Reddit 495 226 125 106 952
YouTube - 13,307 12,457 18,153 43,917
Totals 8,638 42,945 37,345 37,832 126,760
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3.2. Data Capturing and Analysis per Social Media Platform

3.2.1. Twitter

During the second data capturing process the mining algorithm was fine-tuned. A total of 19,573 individual posts
were analysed.

The pre-processing of the tweets follows the same framework presented in D2.2. Specifically, all hyperlinks and
mentions to other users were deleted from the texts. The emaojis in all posts were replaced with their keywords.

For example, the emoji was replaced by its keyword, i.e. (angryface). Finally, a number of tweets were
excluded as their text length was too small to be assessed after their pre-processing. Tweets with the length of
at least one full sentence were kept.

3.2.1.1. Analysis of Results

As we can see, a lot of posts do not display an opinion with high sentiment intensity, as 59% are classified as
neutral. However, positive opinions outnumber the negative ones, as 25% of the results were classified as
Positive or Mostly Positive Opinions, while the Negative and Mostly Negative classes only accounted for 11% of
the captured tweets. We present in the figures below, the percentage and raw numbers of each class in our
semantic model.

Not Relevant _ Negative

Positive 6?{‘;?. 1 l%
S5 e rgy TR
' Mostly
Negative
10%
N
Mostly Positive
18%
Neutral
59%

Figure 2: Sentiment breakdown in analysed tweets
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Figure 3: Number of tweets per sentiment class

3.2.2. Reddit

The process described in D2.2 was followed here again. Unfortunately, only 106 posts and comments were
analysed. Similarly to previous capturings, the lexicon of terms was used to identify specific sub-reddits. Then
all the new posts and comments that were not previous analysed were captured from the identified sub-reddits.
The continuing problem with Reddit is that there is not that much updates, especially in sub-reddits where the
content is very specific and strict rules of moderation are in place. This makes Reddit important for a one time
analysis, since all the necessary historical posts are available and can be used in this analysis. However, updates
on this process only concern the new posts, which while providing important insights, return quite fewer results.
Similarly to the previous sub-sections, we present the percentage and raw numbers of the captured content in
the figures below.
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3.2.2.1. Analysis of Results

Not Relevant = Negative
2% £ 0%
Mostly Negative
20% —
Mostly Positive
22%
Neutral
43%

Figure 4: Sentiment breakdown in analysed Reddit Posts and Responses
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Number of Posts

.
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Reddit 0 21 46 23 14 2
Type of Sentiment

Figure 5: Number of Reddit posts and responses per sentiment class

3.2.3. YouTube

Similarly to previous editions, we query YouTube based on the lexicon of terms that was used also for Twitter
and Reddit. The result of these searches is a set of videos that are hosted in the YouTube platform. The
comments of the 200 most popular videos were mined and analysed for each term. In contrast with the Reddit
analysis, only comments were used, excluding replies to these comments. This is due to the fact that while
Reddit imposes moderation to the published content, and thus the comments can be assumed to be of interest,
the same moderation does not take place in Youtube. Thus the analysis needs to be contained in order to make
sure that off-topic comments do not affect the actual analysis. Similarly to the previous sub-sections, we present
the percentage and raw numbers of the captured content in the figures below.
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Figure 7: Number of YouTube comments per sentiment class
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4. Analysis of Results

4.1. Overall Scores

This section aggregates the results of the classification task. Each individual tweet, reddit post, or reddit
comment and YouTube comment was fed to the sentiment analysis tool, which returned a classification label.
Beyond the classification outcome, the polarity score was also employed. This is used as a validation step to see
if the density per polarity mirrors the results of the classification outcome. For each type of opinion we present
below the aggregate number of posts that were identified as parts of each sentiment/class, and their how each
social media channel contributed to this aggregate.

25000
20000

15000

Number of Posts
)
8
S
S

5000

0 — l . .

Negative Mostly Negative Neutral Mostly Positive Positive Not Relevant
Totals 569 3562 19175 8052 3099 3375
Type of Sentiment

Figure 8: Breakdown per sentiment intensity for all the captured posts.
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Figure 11: Average polarity on the captured posts (Negative polarity indicates a negative opinion)

4.2. Discussion of Results

Similarly again to previous editions of this analysis, a Name Entity Recognition (NER) algorithm was implemented
upon the captured data. This process aims at locating the named entities mentioned in the unstructured text of
social media posts. This analysis aimed at identifying specific events and entities that were popular occurrences
in each sentiment class. For simplification purposes, the captured posts were divided in two subcategories, the
negative opinions (that included the Negative and Mostly Negative class labels) and the positive opinions (that
included the Positive and Mostly Positive class labels). The Neutral class was disregarded here.

Most Popular

#FautonomousCar
#FselfDrivingCar
#Fautonomous
Waymo

Argo Al
StradVision

GM

KPIT

Sentiment
mm POSITIVE
. NEGATIVE

Samsung

#lehicle

o 5 10 15 20 5

Figure 12: NER in the captured social media posts (Most Popular Posts)
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Figure 13: NER in the captured social media posts (Most Liked Posts)

Most Retweeted
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N

Sentiment
mm POSITIVE
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Figure 14: NER in the Captured social media posts (Most retweeted posts only for twitter)

As can be seen, secondary analytics present an even more positive opinion, as most identified items come from
the positive opinions set. It is worth noting here that among the most liked posts, mentions of standards were
the only instances of negative opinions in the overall pool of opinions.

Finally, Figure 15 presents a word cloud of the captured NERs.
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Figure 15: Word Cloud of NERs towards autonomous cars
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5. Conclusions

This report presents the final update in the sentiment analysis and social media capturing of A2.5: Sentiment
Analysis on Social Media, as well as the data gathering that took place during the fourth and final stage of this
activity. Updates in the data capturing process and their analysis are presented

This updated the data capturing procedure, a sentiment analysis scheme was used once again in order to
determine the level of acceptance for autonomous modes of mobility. Moreover, after the classification, data
that expressed “negative” opinions towards social mobility to identify key fears and reservations that drive those
negative responses was used.

The analysis of the data in this deliverables, as well as its predecessors, indicate an overall favourable opinion
towards modes of autonomous mobility. This can be seen in a number of different results, from the average
polarity of the analysed posts (Figure 12), to the presence of mostly positive posts in the NER analysis, to the
actual sentiment analysis of the captured posts. Specifically the sentiment analysis throughout the various
updates of this report, has captured an almost 1.5:1 positive to negative opinions ratio in the captured data.

However, while generally positively pre-dispositioned, the social media posts indicate a number of fears that
can create risks in the acceptance. The main one is obviously the suspicion that is there in the introduction of
any disruptive innovation. But while we can expect that these levels of suspicion will reduce, when autonomous
mobility is more widely introduced, some other fears identified, especially the ones discussing issues of
eliminating jobs or ethical concerns, should be taken into account seriously.

All the data capturing and analytical efforts followed a privacy preserving framework that adheres to all current
regulations and ethical guidelines.
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